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EXPANDING A TUBULAR MEMBER 
Cross Reference To Related Applications 

The present application claims the benefit of the filing date of U.S. provisional 
patent application serial no. 60/183,546. attorney docket no. 25791.10. filed on 
2/18/2000. the disclosure of which is incorporated herein by reference. 

This application is a continuation-in-part of U.S. Serial No. 09/559.122 attorney 
docket number 25791.23.02. filed on 4/26/2000. which issued as United States Patent 
Number 6.604.763. which claimed the benefit of the filing date of U.S. provisional 
patent application serial number 60/131.106. filed on 4/26/1999. which was a 
continuation-in-part of U.S. patent application serial number 09/523.468. attorney 
docket number 25791.11.02. filed on 3/10/2000. which claimed the benefit of the filing 
date of U.S. provisional patent application serial no. 60/124.042. filed on 3/11/1999. 
which was a continuation-in-part of U.S. patent application serial number 09/510.913 
attorney docket number 25791 .7.02, which claimed the benefit of the filing date of U.S.' 
provisional patent application serial number 60/121.702, filed on 2/25/1999, which was 
a continuation-in-part of U.S. patent application serial number 09/502,350. attorney 
docket number 25791.8.02. filed on 2/10/2000. which claimed the benefit of the filing 
date of U.S. provisional patent application serial number 60/119.611. attorney docket 
number 25791.8. filed on 2/11/1999. which was a continuation-in-part of U.S. patent 
number 6,497,289, attorney docket number 25791.3.02. filed on 12/3/1999, which 
claimed the benefit of the filing date of U.S. provisional patent application serial number 
60/111,293, filed on 12/7/1998. 

The present application is related to the following U.S. patents and applications: 
(1) utility patent number 6,328.113. attorney docket number 25791.9.02. filed on 11-15- 

1999. which claimed the benefit of the filing date of provisional patent application 
number 60/108.558. attorney docket number 25791.9. filed on 11-16-1998; (2) utility 
patent number 6.497.289. attorney docket number 25791.3.02, filed on 12-3-1999, 
which claimed the benefit of the filing date of provisional patent application number 
60/111,293, attorney docket number 25791.3, filed on 12-7-1998; (3) utility patent 
application number 09/502.350. attorney docket number 25791.8.02, filed on 2-10- 

2000. which claimed the benefit of the filing date of provisional patent application 
number 60/119.611, attorney docket number 25791.8. filed on 2-11-1999; (4) 
provisional patent application number 60/121.702. attorney docket number 25791.7, 
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filed on 2-25-1999; (5) provisional patent application number 60/121 841 att 
docket number 25791 12 filed on 2 26 kmq. /m - 60/121 .*41. attorney 

number SO/143.039, attorney docket number 25791.26. Ned on 7*1999. (11. 

^ zzzxtzz rr r number 6o,,54 ' M7 ' — 

niea on 9-16-1999; (13 provisional patent aDDlication 
nue.be, 50/159,62. attorney docket number 25791.34. fitod on ,0-12-1^9 (14 

zzzzzr*** — » — n«; 9 , ( £ 

filed on ^,2-1999; (15, pro ^ a , ^ appBcat(on 6W 

number 60/162.671 . attorney docket number 25791.27, filed on 1 1-OLiggg. 

Background of the Invention 
TOO invention relalea genera,, „ wdlboro caeinge. and in partioular to wellbore 
oaetngslhat are (orroed us in B expandable tubing. mwellbofe 

O- h J°™7"° na% ' WtBn a » «— I a number o, caainga ana Called in 

rJT?- r™* MlhpM d ,he "*" « <° >— * ou«ow 

«- '-ation or inflow „, «, ^ roma|ion ^ ^ 
The borehole . dniled In intervals whereby a easing which la to be MM in a lower 
bor^e tnten/a, is towered through a « iratM ed cask* o, an upper borehole 
MM. A. a consequence o. «. p^aduro „„ ^ „ 

dtamater man me cask, el „ up p. r ^ ^ m . ^ * 

r-tatod ammgement wlm casing diametero dacreaain, in downward dlrocdon. Cement 

»r re prov t ,he ° uter 01 ,he - - ^ 

sea, *. oaatnga mom me boreho* wa». As a coneequenc. o, thla nestod axemen, 
a elakvely large borehole diameter is required a. the upper part of me wellboto Suoh 
a large borehole diameter invohroa incased casta due to heavy caemg handling 
^pment large drifl bits and leased volumes o, dd«,ng fiukd , M « ^ 
Moreover, moreeaad dnlkng dg fkne Is lnvotved due to required oemen. pumping' 
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zz^zr* chan9es due to ,arge * ** 

roved ° f ^ W6 "' the " «"*. drilled and 

Conventionally, at the surface end of the weHbore, a wellhead is formed that 
5 Really .ncludes a surface casing, a number of production and/or 

a.v,ng, and a Christmas tree. Typica,,y the wellhead further indudes a L^i 

LZT ° f ^ indUdin9 3 Pr ° dUCti0n Ca$in9 3nd ° ne or — intermediate 
^ artnTT'" 98 ~ SUPP ° rted "*° ^ ^ *» P 08 ^ ^ve 

10 lomZ COnVeml0nal de8i9n C ° nStmC,i0n ° f We " headS iS 6Xpensive and 

Conventionally, a wel.bore casing cannot be formed during the drilling of a 
wellbore. TypicaHy, the wellbore is drilled and then a wellbore casing is formed in the 
newly drilled section of the wellbore. This delays the completion of a well. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming wellbores and wellheads. 

Summary 

According to the present invention there is provided an apparatus for 
radially expanding a tubular member, comprising: 
a first tubular member; 

a second tubular member coupled to the first tubular member, 
a third tubular member coupled to the second tubular member; 
one or more slips coupled to the exterior surface of the third tubular member; 
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a mandrel having a conical outer surface Including an angle of attack between 1 
to 30 degrees and a surface hardness ranging from 58 to 62 Rockwell C positioned 
within the second tubular member and coupled to an end portion of the third tubular 
member; 

wherein the inside diameter of the second tubular member is greater than the 
inside diameters of the first and third tubular members; 

wherein the mandrel includes a fluid passage having an inlet adapted to receive a fluid 
stop member. 

Preferably, the first tubular member includes one or more sealing members 
coupled to the exterior surface of the first tubular member. 
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Preferably, the mandrel is heal treated. 
Preferably, the mandrel is expandable. 

Preferably, the mandrel comprises one or more materials selected from »h 
group consisting of machine tool steel «»mi M - . the 
crane tool steel, ceramics, tungsten carbide, and titanium. 

Brief Description of the Drawings 
FIG. 1a is a fragmentary cross-section illustration of an apparatus and method 
for expanding tubular members. 6th ° d 

FIG. la" 6 ' 15 fe an0ther fra9mentarV CroSS - SecBonal l,lustra «°" of the apparatus of 
FIG. la" 6 ' 1C ^ 3n0ther fra9mentary CroSS - Secti0nal illustra «°" * the apparatus of 

for ayn * '! ! fra9mentary il,ustra «°» * an apparatus and method 

for expanding tubular members. 

FIG 2a RG ' ^ iS an0th6r fra9mentary cross - section a' i""stration of the apparatus of 

FIG. 2c is another fragmentary crass-sectional illustration of the apparatus of 
FIG. 2a. 

FIG 2a FIG ' ^ ' S fra9mentafy "l^tration of the apparatus of 

FIG. 2e is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 2a. 

Detailed Description 

Referring now to FIGS, la, 1b and 1c. an apparatus 100 for expanding a 
tubular member will be described. The apparatus 100 Includes a support member 105 
a packer 110. a first fluid conduit 115. an annular fluid passage 120. fluid inlets 125 an 
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annular sea. 130, a second fluid conduit 135, a fluid passage 140. a mandrel 145 a 
mandrel launcher 150, a tubular member 155, slips 160, and seals 165. The apparatus 
100 .s used to radially expand the tubular member 155. In this manner, the apparatus 
100 may be used to form a wellbore casing, line a wellbore casing, form a pipeline line 
a p.pebne, form a structural support member, or repair a wellbore casing, pipeline or 
structural support member. The apparatus 100 is used to clad at least a portion of the 
tubular member 155 onto a preexisting tubular member. 

The support member 105 is preferably coupled to the packer 110 and the 
mandrel launcher 150. The support member 105 preferably is a tubular member 
fabricated from any number of conventional commercially available materials such as, 
for example, oilfield country tubular goods, low alloy steel, carbon steel, or stainless 
steel. The support member 105 is preferably selected to fit through a preexisting 
section of wellbore casing 170. In this manner, the apparatus 100 may be positioned 
within the wellbore casing 170. The support member 105 is releasably coupled to the 
mandrel launcher 150. In this manner, the support member 105 may be decoupled 
from the mandrel launcher 150 upon the completion of an extrusion operation. 

The packer 1 10 is coupled to the support member 105 and the first fluid conduit 
115. The packer 110 preferably provides a fluid seal between the outside surface of 
the first fluid conduit 115 and the Inside surface of the support member 105. In this 
manner, the packer 110 preferably seals off and, in combination with the support 
member 105, first fluid conduit 115, second fluid conduit 135, and mandrel 145, defines 
an annular chamber 175. The packer 110 may be any number of conventional 
commercially available packers modified in accordance with the teachings of the 
present disclosure. The packer 110 is an RTTS packer available from Halliburton 
25 Energy Services in order to optimally provide high load and pressure containment 
capacity while also allowing the packer to be set and unset multiple times without 
having to pull the packer out of the wellbore. 

The first fluid conduit 115 Is coupled to the packer 110 and the annular seal 
130. The first fluid conduit 115 preferably is an annular member fabricated from any 
30 number of conventional commercially available materials such as, for example, oilfield 
country tubular goods, low alloy steel, carbon steel, or stainless steel. The first fluid 
conduit 115 includes one or more fluid inlets 125 for conveying fluidic materials from 
the annular fluid passage 120 into the chamber 175. 
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The annular „ uid passage 12 „ |s ^ b> an<| 

«. The ann iar flula pa 5sage 120 „ MaptM to ^ raaterja|s 

-* as cement, epoxy. ^ ^ ^ „, ^ 

* «•»»*«> * a.™ M ,„ order „ op „ mal , y pro ^ e ^ ratM and 
pressures for the radial expansion process. 

^^^'25«po^^|p,i„ Mdportlono , Bl , tal||0| 
The fluid ,nieta 125 preferably are adapted ,o ooouey tluidio materials such as ear™, 
water, epoxy. lubrica*.. and sla, mix a, operatin, pressures and ^ ratK ran ^ 
Aon, about 0 ,. 620.525 bar <0 ,o 9.000 psi, and 0 ,o 1,356.24 KrasArtnule (0 1o 3 000 
^ona/minuta, in ordar ,o oplimaay pravide Bow rales and operaliona, prassuras for 
the radial expansion process. 

The annular sea. 130 is coupled to the first fluid conduit 115 and the second 
«. condu,t 135. The annu.ar seal 130 preferably provides a fluid sea. between the 
intenor surface of the first fluid conduit 1 15 and the exterior surface of the second fluid 
condurt 135. The annu.ar sea. 130 P referab.y provides a tlu.d sea. between the intenor 
surface of the first fluid conduit 1 15 and the exterior surface of the second fluid conduit 
135 dunng re.ative axial motion of the first fluid conduit 115 and the second fluid 
condurt 135. The annular seal 130 may be any number of conventional commercially 
ava,.ab.e seals such as, for example, O-rings. PolypaK <™> seals, or metal spring 
energrzed seals. The annular seal 130 is a PolypaK sea. available from Parker 
Seals. 

The second fluid conduit 135 Is coupled to the annular seal 130 and the 
mandrel 145. The second fluid conduit preferably is a tubular member fabricated from 
any number of conventional commercially available materials such as. for example 
coiled tubing, oilfield country tubular goods, low a..oy steel, stainless steel, or .ow 
carbon steel. The second fluid conduit 135 is adapted to convey fluidlc materials such 
as cement, water, epoxy. .ubncants. and slag mix at operating pressures and flow rates 
rang,ng from about 0 to 620.528 bar (0 to 9.000 psi) and 0 to 11356.24 litres/minute (0 
to 3.000 gallons/minute) in order to optimally provide flow rates and operational 
pressures for the radial expansion process. 
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The fluid passage 140 is coupled to the second fluid conduit 135 and the 
mandrel 145. The fluid passage 140 is adapted to convey fluidic materials such as 
cement, water, epoxy. lubricants, and slag mix at operating pressures and flow rates 
rang,ng from about 0 to 620.528 bar (0 to 9.000 psi) and O to 11356.24 litres/minute (0 
lo 3.000 gallons/minute) in order to optimally provide flow rates and operational 
pressures for the radial expansion process. 

The mandrel 145 is coupled to the second fluid conduit 135 and the mandrel 
launcher 150. The mandrel 145 preferably is an annu.ar member having a conic 
section fabricated from any number of conventional commercially available materials 
such as. for example, machine tool steel, ceramics, tungsten carbide, titanium or other 
h.gh strength alloys. The angle of the conic section of the mandrel 145 ranges from 
about 1 to 30 degrees in order to optimally expand the mandrel launcher 150 and 
tubular member 155 in the radial direction. The surface of the conic section ranges 
from about 58 to 62 Rockwell C in order to optimally provide high yield strength The 
expansion cone 145 is heat treated in order to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. Alternatively, the mandrel 145 is expandible in order to further 
optimally augment the radial expansion process. 

The mandrel launcher 150 is coupled to the support member 105. the mandrel 
145. and the tubular member 155. The mandrel launcher 150 preferably is a tubular 
member having a variable cross-section and a reduced wall thickness in order to 
faalrtate the radial expansion process. The cross-sectional area of the mandrel 
launcher 150 at one end is adapted to mate with the mandrel 145. and at the other end 
the cross-sectional area of the mandrel launcher 150 is adapted to match the cross- 
sectional area of the tubular member 155. The wall thickness of the mandrel launcher 
150 ranges from about 50 to 100 % of the wall thickness of the tubular member 155 in 
order to facilitate the initiation of the radial expansion process. 

The mandrel launcher 150 may be fabricated from any number of conventional 
commercially available materials such as. for example, oilfield country tubular goods 
tow allow steel, stainless steel, or carbon steel. The mandrel launcher 150 is fabricated 
from oilfield country tubular goods having higher strength but lower wall thickness than 
the tubular member 155 in order to optimally match the burst strength of the tubular 
member 155. The mandrel launcher 150 is removably coupled to the tubular member 
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Z T* TT" ^ l3UnCher be rem0V6d fr0m the -Hbore 180 

upon the completion of an extrusion operation 

■^SZT^ 6 SUPPOft memb6r ^ ^ m - drel 150 are 

packer 110. The flu.d condute 115 and/or 135 provide structure, support for the 

100. Dunng the radia. expansion process, the packer 110 may be unset and reset 

after the slips 160 have anchored the tubuiar member 1 55 to the previous casTn^o 

w.th,n the tubular member 1 55, between radia, expansion operations. ,n this Inner' 

the packer 1 10 is moved downhoie and the apparatus 100 is re-stroked 

The tubuiar member 155 is coupied to the mandrel iauncher. the slips 160 and 
*esea.^ 

any number of conventional commercial available materials such as, for example tow 

TeZT sT:: Stain ' eSS ** ^ tUbUbr tubular 

member 155 is fabncated from oilfield country tubular goods. 

Th r P8 ^ C ° UPted t0 *" 0Ubide SUrface of the tub ^ niember 155 
The s,,ps 160 preferably are adapted to couple to the interior walls of a casing, pipeline 
or other structure upon the radial expansion of the tubular member 155 In this 
manner, the slips 160 provide structural support for the expanded tubular member 155 
The shps 160 may be any number of conventional commercially available slips such 
a* for example. RTTS packer tungsten carbide slips. RTTS packer wicker type 
mechamca, slips or Mode, 3L retrievable bridge plug tungsten carbide upper 

S ' u' ^ 8 " PS 160 are R1TS packer tun9Sten ~«* — s«ips 

ava.labte from HaHiburton Energy Services. The slips 160 are adapted to support axia, 
forces ranging from about 0 to 3336.2 kN (0 to 750.000 Ibf). 

The seals 165 are ooupled to the outside surface of the tubular member 155 
The seals 165 preferably pmvide a fluidic seal between the outside surface of the 
expanded tubular member 155 and the interior walls of a oasing, pipefine or other 
structure upon the radia, expansion of the tubutar member 155. , n this manner the 
seato 165 provide a fluidic seal for the expanded tubular member 155. The seals' 165 
may be any number of conventional commercially available seals such as, for example 
nitrite rubber, lead, Aflas™ rubber, Teflon™ , epoxy. or other elastomers The 
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seals 165 are tubbe, seals available from Marcus commercial yandex i„ „*r ta 
optimally provide pressure sealing and toad ^ 10 

During operaflortofthe appara.ua 100. the apparatus ,00 i, prefer,,* lowered 

100 . posted «* „ teas, a portion of the tubuia, member 155 ove 
porton of «ie wellborn ca*rtg , 70 . ,„ „, „. ^ ^ 

membe, 16 5w „ ^far^ cause the outtde surface o, Irte e xpartded lubu*, membe, 

IrT .Tr in8Me *• W9 " b ° re CaS ' nS ,70 - "» — exPa-eion 

of «» .utular member 165 w» also cause Ihe .Hps 160 and M 165 engage ^ 

*. .rtWior surface of ,he we»bore cass* ,70. ,„ «, rann , r , to expan( £ ' 
member 155 « pravidad with enhanced atmctura, aupport by the allps 160 smd an 
enhanced fluid seal by the seals 165. 

As illustrated in FIG. 1b, after placement of the apparatus 100 in an overiapping 
refc«onsh,p wth the weHbore casing 170, a fluid* materia, 185 is preferably pumped 
15 ,nto the chamber 175 using the fluid passage 120 and the inlet passages 125 Th* 
fluKflc material is pumped into the chamber 175 at operating pressures and flow rates 
rang,ng from about 0 to 620.528 bar (0 to 9,000 psi) and 0 to 1 1356.24 IKres/minute (0 
to 3,000 gallons/minute) in order to optimally provide flow rates and operational 
pressures for the radial expansion process. The pumped fluidic materia. 185 increase 
20 the operating pressure within the chamber 175. The increased operating pressure ln 
me chamber 175 then causes the mandrel 145 to extrude the mandrel launoher 150 
and tubular member 155 off of the face of the mandrel 145. The extrusion of the 
mandrel launcher 150 and tubular member 155 off of the face of the mandrel 145 
causes the mandrel launcher 150 and tubular member 155 to expand in the radial 
d,recflon Continued pumping of the fluidic materia. 185 preferably causes the entire 
length of the tubular member 155 to expand in the radial direction. 

The pumping rate and pressure of the fluidic material 185 is reduced during the 
latter stages of the extrusion process in order to minimize shock to the apparatus 100 
The apparatus 100 includes shock absorbers for absorbing the shock caused by the 
30 completion of the extrusion process. 

The extrusion process causes the mandrel 145 to move in an axial direction 
185. During the axia. movement of the mandrel, the fluid passage 140 conveys fluidic 
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material 190 displaced by the moving mandrel 145 out of the wellbore 180. In this 
manner, the operational efficiency and speed of the extrusion process is enhanced. 

The extrusion process includes the injection of a hardenable fluidic material into 
the annular region between the tubular member 155 and the bore hole 180. In this 
manner, a hardened sealing layer is provided between the expanded tubular member 
155 and the interior walls of the wellbore 180. 

As illustrated in FIG. 1c, upon the completion of the extrusion process, the 
support member 105. packer 110, first fluid conduit 115, annular seal 130, second fluid 
conduit 135. mandrel 145. and mandrel launcher 150 are moved from the wellbore 180. 

Alternatively, the apparatus 100 is used to repair a preexisting wellbore casing 
170 or pipeline. Both ends of the tubular member 155 preferably include slips 160 and 
seals 165. 

Alternatively, the apparatus 100 is used to form a tubular structural support for a 
building or offshore structure. 

Referring now to FIGS. 2a. 2b. 2c. 2d. and 2e. an apparatus 200 for expanding 
a tubular member will be described. The apparatus 200 includes a support member 
205. a mandrel launcher 210. a mandrel 215. a first fluid passage 220, a tubular 
member 225. slips 230, seals 235, a shoe 240, and a second fluid passage 245. The 
apparatus 200 is used to radially expand the mandrel launcher 210 and tubular 
20 member 225. In this manner, the apparatus 200 may be used to form a wellbore 
casing, line a wellbore casing, form a pipeline, line a pipeline, form a structural support 
member, or repair a wellbore casing, pipeline or structural support member. The 
apparatus 200 is used to clad at least a portion of the tubular member 225 onto a 
preexisting structural member. 
25 The support member 205 is preferably coupled to the mandrel launcher 210. 

The support member 205 preferably is a tubular member fabricated from any number 
of conventional commercially available materials such as. for example, oilfield country 
tubular goods, low alloy steel, carbon steel, or stainless steel. The support member 
205. the mandrel launcher 210, the tubular member 225, and the shoe 240 are 
30 preferably selected to fit through a preexisting section of wellbore casing 270. In this 
manner, the apparatus 200 may be positioned within the wellbore casing 270. The 
support member 205 is releasabty coupled to the mandrel launcher 210. In this 
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manner, the support member 205 may be decoupled from the mandrel launcher 210 
upon the completion of an extrusion operation. 

The mandrel launcher 210 is coupled to the support member 205 and the 
tubular member 225. The mandrel launcher 210 preferably is a tubular member having 
a vanable cross-section and a reduced wall thickness in order to facilitate the radial 
expansion process. The cross-sectional area of the mandrel launcher 210 at one end 
is adapted to mate with the mandrel 215, and at the other end, the cross-sectional area 
of the mandrel launcher 210 is adapted to match the cross-sectional area of the tubular 
member 225. The wall thickness of the mandrel launcher 210 ranges from about 50 to 
1 00 % of the wall thickness of the tubular member 225 in order to facilitate the initiation 
of the radial expansion process. 

The mandrel launcher 21 0 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular goods 
low allow steel, stainless steel, or carbon steel. The mandrel launcher 210 is fabricated 
from oilfield country tubular goods having higher strength but lower wall thickness than 
the tubular member 225 in order to optimally match the burst strength of the tubular 
member 225. The mandrel launcher 210 is removably coupled to the tubular member 
225. In this manner, the mandrel launcher 210 may be removed from the wellborn 260 
upon the completion of an extrusion operation. 

The mandrel 215 is coupled to the mandrel launcher 210. The mandrel 215 
preferably is an annular member having a conic section fabricated from any number of 
conventional commercially available materials such as. for example, machine tool 
steel, ceramics, tungsten carbide, titanium or other high strength alloys. The angle of 
the conic section of the mandrel 215 ranges from about 0 to 30 degrees in order to 
25 optimally expand the mandrel launcher 210 and the tubular member 225 in the radial 
direction. The surface of the conic section ranges from about 58 to 62 Rockwell C in 
order to optimally provide high yield strength. The expansion cone 215 is heat treated 
in order to optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. Alternatively, the 
mandrel 215 is expandible in order to further optimally augment the radial expansion 
process. 

The fluid passage 220 is positioned within the mandrel 215. The fluid passage 
220 is preferably adapted to convey fluidic materials such as cement, water, epoxy, 
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lubricants, and slag mix at operating pressures and flow rates ranging from about 0 to 
620.528 bar (0 to 9,000 psi) and 0 to 1 1356.24 litres/minute (0 to 3,000) gallons/minute 
in order to optimally provide How rates and operational pressures for the radial 
expansion process. The fluid passage 220 preferably includes an inlet 265 adapted to 
receive a plug, or other similar device. In this manner, the interior chamber 270 above 
the mandrel 215 may be fluidicly isolated from the interior chamber 275 below the 
mandrel 215. 

The tubular member 225 is coupled to the mandrel launcher 210, the slips 230 
and the seals 235. The tubular member 225 preferably is a tubular member fabricated 
from any number of conventional commercially available materials such as, for 
example, low alloy steel, carbon steel, stainless steel, or oilfield country tubular goods. 
The tubular member 225 is fabricated from oilfield country tubular goods. 

The slips 230 are coupled to the outside surface of the tubular member 225. 
The slips 230 preferably are adapted to couple to the interior walls of a casing, pipeline 
•15 or other structure upon the radial expansion of the tubular member 225. In this 
manner, the slips 230 provide structural support for the expanded tubular member 225. 
The slips 230 may be any number of conventional commercially available slips such 
as, for example, RTTS packer tungsten carbide mechanical slips, RTTS packer wicker 
type mechanical slips, or Model 3L retrievable bridge plug tungsten carbide upper 
20 mechanical slips. The slips 230 are adapted to support axial forces ranging from about 
0 to 3336.2 kN (0 to 750,000 Ibf). 

The seals 235 are coupled to the outside surface of the tubular member 225. 
The seals 235 preferably provide a fluidic seal between the outside surface of the 
expanded tubular member 225 and the interior walls of a casing, pipeline or other 
25 structure upon the radial expansion of the tubular member 225. In this manner, the 
seals 235 provide a fluidic seal for the expanded tubular member 225. The seals 235 
may be any number of conventional commercially available seals such as, for example, 
nitrite rubber, lead, Aflas^ rubber, Teflon« R ™>, epoxy or other elastomers. The seals 
235 are conventional rubber seals available from various commercial vendors in order 
30 to optimally provide pressure sealing and load bearing capacity. 

The shoe 240 is coupled to the tubular member 225. The shoe 240 preferably 
is a substantially tubular member having a fluid passage 245 for conveying fluidic 
materials from the chamber 275 to the annular region 270 outside of the apparatus 
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200. The shoe 240 may be any number of conventional commercially available shoes 
such as, for example, a Super Seal™ || float shoe, a Super Seal<«™> .. Down- Jet float 
shoe, or a guide shoe with a sealing sleeve for a latch down plug modified in 
accordance with the teachings of the present disclosure. The shoe 240 is an aluminum 
down-jet guide shoe with a sealing sleeve for a latch down plug, available from 
Halliburton Energy Services, modified in accordance with the teachings of the present 
d.sclosure, in order to optimally guide the tubular member 225 in the wellbore optimally 
prov.de a fluidio seal between the interior and exterior diameters of the overlapping 
jomt between the tubular members, and optimally facilitate the complete drilling out of 
the shoe and plug upon the completion of the cementing and radial expansion 
operations. 

During operation of the apparatus 200, the apparatus 200 is preferably lowered 
.nto a wellbore 260 having a preexisting section of wellbore casing 275. The apparatus 
200 is positioned with at least a portion of the tubular member 225 overlapping with a 
portion of the wellbore casing 275. In this manner, the radial expansion of the tubular 
member 225 wi«. preferably cause the outside surface of the expanded tubular member 
225 to couple with the inside surface of the wellbore casing 275. The radial expansion 
of the tubular member 225 will also cause the slips 230 and seals 235 to engage with 
the .nterior surface of the wellbore casing 275. In this manner, the expanded tubular 
member 225 is provided with enhanced structural support by the slips 230 and an 
enhanced fluid seal by the seals 235. 

As illustrated in FIG. 2b. after placement of the apparatus 200 in an overlapping 
relafonship with the wellbore casing 275. a fluidic material 280 is preferably pumped 
.nto the chamber 270. The fluidic material 280 then passes through the fluid passage 
220 into the chamber 275. The fluidic material 280 then passes out of the chamber 
275. through the fluid passage 245, and into the annular region 270. The fluidic 
matenal 280 is pumped into the chamber 270 at operating pressures and flow rates 
rangmg from about 0 to 620.528 bar (0 to 9.000 psi) and 0 to 11356.24 litres/minute (0 
to 3,000 gallons/minute) in order to optimally provide flow rates and operational 
30 pressures for the radial expansion process. The fluidic material 280 is a hardenable 
fluidic sealing material in order to form a hardened outer annular member around the 
expanded tubular member 225. 
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As illustrated in FIG. 2c. ,, som. | ata , pow in m. process , . „,„ 2es 
*ar — de«ce. is inlroducd into to. pumped „„ aio matertal 280 ^ ^ 
■natos . « and se, b on to. in* 265 0 , „ fluid ^ m 26 

<*arnber270is«uidiclyiso| a iedfrom 1 | W ch a r„b e r275 

As tewed i„ FIG. 2d, .fler placement c, the Ml 285 in the Me. 265 of the 
fluid passage 220, . fluidic materia, 290 is pumped Into the chamber 270 The Mk 
-ana, . ^ pumped ^ „. ^ ^ „ pr JJ 
«as ra„ 9 ,ng »p„ about „ to M tor (0 (o 9 ^ H356 24 

matonai, such as, ,or exampie. wa ter , ddllin, mud. cement, .poxy, or ajmi* 2 

CommuKl pumping „ th. fluidic matertal 290 incremrea fluidic mated., 280 
"creases toe ■ ^ p™.„ m. ^ 27 0 . Tne moreased 
r-aum in the chamber 270 men causes me mand*, 2,5 ,o errbude the 12 
launcher 2,0 end tubular member 225 on o, me conic face of me mandre, 2, 5 Tb. 
a*** of me mandm, bunch., 2 ,o .„d tobuiar mmnber 225 off of the cortca, ,eoe 
of the memftei 2,5 ceueee the mandre. l-uncher 2,0 rmd tubular member 225 to 
«P.nd „ to. radia, dirmaion. Conflnu* pumping of to. fluidic material 290 pa*** 
«««. to. an*, fengto o. to. tubular mmnbar 225 to .xpend in m. radia, dl^cdon 

Th. pumping rat. end assure of th. fluidic matedal 290 Is reduce during to. 

* S,a9SS ** »™» - •= ntinimiz. shock to to. apparatus 200 

The apparaus 200 ,„Cud M shodr absorber, tor absorb*, th. ebock rause<f ^ the 
complex, o, to. axtorsion process. The .xtorsion pnoc^s causes ,h. manj 215 
to move in an axial direction 290. 

As iiiustrated in FIG. 2e. upon the completion of the extrusion process the 
support member 205, packer 210, first flux, conduit 215. annular sea, 230. second fluid 
condu* 235. mandre, 245, and mandre, launch. 250 are removed from the £2 

lino 275^ "■" 6eCti ° n ° f We,,b ° re 088109 indUd6S tNe 

casing 275. the expanded tubular member 225. the slips 230, the sea,s 235. the shoe 

240, and an outer annular layer 300 of hardened fluidic material. 
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Alternatively, the apparatus 200 is used to r*n*ir 

Alternatively, the apparatus 200 is used to form a tubular ^ . 
5 building or offshore structure. Torm «<"bular structural support for a 

The tubular members 105 and 225- shoe* nn- ^ 
anrt ' 240, ex P a nsion cone launchers iso 

and 210; and expansion cones 145 and 215 am ^ , . 'auncners 150 

a ^ , , 1&-1998, (2) utility patent number 6 497?aq 

attorney docket number 25791.3 02 filed on 19 q iqqo ^- . o,w.289, 

IT IT ^ 2579, ' 8 '° 2 ' " 2 -'°- 2000 ' -** ^imed «. bene*,* 

SSTt^L h * 1M9: W Pro,iSl0 * ,al * ™*er 

W 21 702, attorney do*,. number 25791.7. filed on 2-25-1999; (S) phonal Mte „. 

attorney do<*e, „ umber 25791 , 2 £ ™^ 

tLr*" numbw 6o,,2iw — -» *^ 

aZ - T. ^ CT " roWlS,0nal Pattn ' ■"**« — » ™124 M2 

number 60/131.106. attorney docket number 25791.23. filed on 4-26-1999. m 
25 M on 5.7J999; (10 , p^na, ^ app „ Mto ^ ^^'^ 
50/145,203 attorney docket numb* 25791.25. Bed on 7-29-1999; (12) provision,, 

ZTJT" numter 60TO **- nu ™ bar 25791 »• « « * 

16-1999. (13) prov^ne, paton, appticatlon 

i^rr t r ,o " ,2 - im9: (,4) — — *— « ~ 

6N1SW39 attorney dock., numbe, 25791.36. M on ,0-12-1999; (15) p ro »i stona , 
palen. a^cafcn number 60/159,033. attorney docket number 25781.37, ZZZ 
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12-1999; (16) provisional app|ioalton ^ 

number2S791.27, Sled on 11-01-1999. 

«de range o rnodttc^n. changes and see*^ „ eHtm ^ i ,„ „, ^ 

TTZ I" ^ inS,anC8S - ^ •—•**» *— -n«on ma, be 
employed wrthou, a corresponding use of Ibe c*er features . ^ 

appropda^ ,„„ Ihe appended claims be cc^ ^ and In a manner concern 
with the scope of the invention. 
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1. 



and 



An apparatus for radially expanding a tubular member, comprising- 
a first tubular member; 

a second tubular member coupled to the first tubular member 
a third tubular member coupled to the second tubular member- 
one or more slips coupled to the exterior surface of the third* tubutar member; 

a mandrel having a conical outer surface including an angle of attack between 1 

wherein the inside diameter of the second tubufcr member is greater than the 
.ns.ded.ametersofthefirstandthirdtubularmembers- 

sTp me m h bT ndre ' ' *" ^ " ^ "+« * ™™ a ■* 

2. ^^pparatusofdaiml.whereinthefirsttubularmemc^rincludesoneormore 
sealing members coupled to the exterior surface of the first tubular member. 

3. The apparatus of claim 1. wherein the second tubular member includes one or 
more sealing members coupled to the exterior surface of the second tubular member. 

4. Th ^PParatusofdaim1,whereintheth.rdtubularmemberinc.udesoneormore 
sealmg members coupled to the exterior surface of the third tubular member. 

5 The apparatus of daim 1, further comprising a means for displacing the mandrel 
with respect to the third tubular member. 

6. The apparatus of claim 1, further comprising a means for displacing the mandrel 
with respect to the second tubular member. 

7. The apparatus of claim 1. wherein the mandrel is heat treated. 
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8. The apparatus of claim 1 , wherein the mandrel is expandable. 

9. The apparatus of claim 1, wherein the mandrel comprises one or more materials 
selected from the group consisting of machine tool steel, ceramics, tungsten carbide, 
and titanium. 
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